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(57) 

r, s^shsbs^ » f 2 ©iamf 1 .# x * i 
Ftvty \-m%*mBucmi*z>. nmvit^v f* 

y-kv l-S^m^y F*7-ky H31ISB7 CCiattLT 




1 

[3UJ8B1J ^r^X^Cr-*£fB&T6iS«K 
¥*s*OSB»$ti1t?- F*W 

-ras^soaa^* f. 

«TE«£a©««^ » f * ®#-r » h x * -f 

x\ 

fEBa*** x*©a« f 5 » i"s{£g&a6f£{ig&& 
are &weaM^? K<DfiU03^*ft?(dfflMifli 

(frtBiaSi^ 9 FCC J: -p -CBSMt 1 ■< x * ±(c * 7 Hr ? h it 

*->»*ii*#ai. WEBS^j Ft. ^9 F&g 
awMMHSJi^ Fttafc«W»Wc,fcoTfM8*p3 
tfft# 6 . ff£it#ma*»*rt i ft 5 <4g*fWJ . 

WiBHa^f F±©flMBS£^7 FttHBlBflK* Ft 
©(SgM^ccior^os, WIEHaiT 9 **©*^!* 
{cfetfSSMBH*^* F©(S«ilWaB»^? F©(ig 
£©*©»«^9 F*7-fe» H*IHWS*7*» F 
filt»Si. m&*7*7 Ffilt«'JfflfI#©»tii<& 
!*©<SflHK*©**SKJ:->r. SfltWB^- 

Btriessa^ > f * 7 * » h n-a'j^s-cttjtJ l fcirtasBa 

^9 F*7te» FfiSrfBtTf&i ifcCC. MIBttA^? 
F#T * -b X L fc F 5 v >? ©<ig £ SHH b It fflgmg^ 

»hEft#&. &CFff£BtcliEff£'>>7 Ft. a«F 

5 ? d»±KEft s ha:!**?*- > tciises 4 i * . gfr 

Ffi&C«-3£. safll^y F©{4gfctf> 
BtHttg* HHEr 4 MiEfi^* Wf a&g&#»S|5«c Hi 

#ra»ai^9 Fa«ts««E*a*«ii*ci*«« 

i-rSBafwXfSB. 
[M40I2 ] MIB*7-fe 9 F «fHH#8tt. 

Hi/IBB5M^ 9 F*8fePffi«»tt3«4^9 Fftt&*8. 

^ » F©ffig»{cais3nfca»©ii4ft#©u^^© 

**©s£e*&Hs&*is»st^9 F©tiB*tta-r« 
«£m^**«aw*ttim &<>'S£iA#ii$©<agis 
a©/hs ^sr©? x 9 y*. sfliafi^ft^© u 
^i^tj^-rs-tf-tf^x y^iLraR-rs^-jKf 

©fi^r-fXi^g. 
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2 

Ml - # *} * 9 y MR^BTC afR 3 ftfcfflK©-*- # 
■5x9 y©B£ft-st© u^;U©^4 £ £ifJS9 x 9 y 

4>ft < £ & 3 0fcU:©iS£fi-!f © u^^©iSJffi(B©¥^ 

««f 4«H»©iJSEfl[gK:*jtf s«*m#© u**©* 
««©¥$*£ a wsttiiswB. so'miBiJSfii^ 
JJj^8©it»c*j<,»r. ggft^ou^OMjetf©* 

io ^fifii^/h<ia^r^< m6tt7mi«*#a*#r4 c i * 
Wk 1 1 i> imm 2 nmowM? 4 x t> gg. 
[»*Ji4 ] Huias^ft^sAffi&g^w^Stt. 
s&m-^© *©«£«»%*« i ft 4 aa^ 9 f © 

fflKi. »2#BK^^ftfflift48S«^9 F©fiZg 
^«S^ff#© U^;b©«£fl** 2 o©g*<ii£ i 

F©fig©^ffiffiS?r(6j±$ 
20 J12iatS©58m7 r ^Xi'«g. 

is^^-f ^ ^icMjgfitgcct-jrffSd-^u^JWisi 
wr 4 ©4 <• fc© 3 -3«±©««r saisffig©?!* 
(t^©^^* tzctmmttz 4 iai8©®« 

7 s ^ Xi'^g,, 

[N&l 6 ] milBiSa^ 9 F @«{4g<»E#Sl*. 
E«^9 FtcJ:«]fi5mf r -<Xi'fc^7-fe9 FfittaWfi 

^4f#5fc©©iJ--*v^->*»*jitfiir. 

9 F«S«( F 7 9 *©#^Mig&*-f £ C 

30 rsw^ifB^esa^^x^ftg. 

[II#J» 7 ] SWB* 7-fe 9 F fiit»J^e«. 
Sl^f r -f X^©^S©^#?{Cj;-5"CIZ^6^i''cSy"- 
>K*WSia»^9 F*7t9 Ffi«rifi<KW{C**-5v" 

WrSCi^#S![i1-Sif*«l *fc«2IB«S©ffimr 

[»5»B8 3 t91B^'f->S#ji*«f(4S^Sa* 

40 ^#A#->#*j£#B$©a& F 5 9 i> tWS<r*v F 
i©fiaBRH*« F 7 9 * f 9 9 1 © 8 /<— b > FJULhr* 

«»fr S«*B 1 IBK©!^^ ^ X i7gg 0 

c»5p«9] «ne-9 t -#^j'->©«*ii*»ff*5 
50 «irs»3iaBiE»©fi8a7 s -<^*i». 



3 

[000 1 ] 

KHU ftiC. tm^v F£W£^7 K4*R-©S8» 
^7 F*a 9 ^#±«c«tffc^7% 
[ft*©8ffi] 

cooo2]a^ ■7)i>*j7 ! 4 7<Dmm< l cm'>T % * 

-5.. 10 
[000 3] »*f * X fggKfct. ^©iWJflMfctCfl* 

t», m&mmMkz&mbttMR^v k*4i»bgmr 

^7 Kiff^f FtCffiO. K4KSK7 K 

tCfflt»te«»^? K*«flWSti-Ct>6. ±§B©2Sffl© 

[0004] fiaa^ * x ^gg©^ v K(4g^a>«^i 

-fXd/ggrtt. «tt©E*S:/M<T.5C 

a-*y3S©7***x-*#flH>6*rct,>a. 20 

[0005] 0-*y8(©7***x-*£W-f S«» 
Fx? ^ y©*^ilBIS h 7 y *©8li£«: 

^fcc^er-en-en f 5 7 *«{c»tt*ftireitt> 

£. C©ftK*3-ft£(,>5. C©3-ftCcJ;9. H£ 
-Ny F^IiaT^X ?©-*-*> 77 >M>h7? ? 
(^7 F# F 7 7 *±©iF.U>{4g£{#g$&i*ft£C 
£) 3-ttfcJ#£. S3HK7 FtC«*7 F7 7*» (^7 F 30 
*h7'j *±©IEU>{ig«C{ag&«>3tt&<,>C£) # 
l2MKy F©<tM>£S£^-y F'©*'l>£©ftg 

awf-wagp^-rn* r^-, \=*yiz? fj £*?.&. 

[0006] -HOfcaif* * X ^JW-Ctt. Gfltlfti. 
^160. MR^» F£lf-#F77 Piety}-?? 9 

3#xfr?>, im^v m&zmmm^v f-c-t*-** 

«mfMX:7Ct#ffjM?. VtV-bv F*i*S£. 40 
R-s.? F"C7*-*fi-«t*il£-$-£J*£ t MR^7 F#. 

stgs^? F , e#fri&**ifctt«* s .f x* ±©7*-*ft 

^^•^ (7*-* F 7 7 ©i*M>{C(4gt/&l>C £ 

tefc*. c©fc»7*-*«**iEWcf*£r*&(,>. it 

sicjz^x tm&bf$om »jjio-c*sy F7-t mtw 
iw&fco. a**7«-*©iBBSi»cire»***.3. 

[0 00 7] $fc3-ft#*£(,>t&&. MR^yFtt 
*©tp'MC:fr> F 7 7 * $ -a-c^iM^ 7 F 

rieMio. H3feB#(c, tan^n/c^- £ f 7 7 ^©** 50 



^2000-3 22848 
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[0 00 8]$e>(C, 3-ft#*t< &■*>£, ^»F* 

7*7 f ») s^ksf©*^ f 5 v t> w/>m> 
u «^»^u^**jfirrs. sfcttai^* F^m 
is©»iai©««7*^ x*oinE*i4iWi{c»-ra a-« 

*s^ifTS. c©/c&, JRfttfiB«7*^ x^EfsKJ: 

■m±bx^mm,^y Y7.y 4 *f<mi}wm>bxnh 

©iSSAiffiTTS. 

[0 00 9] itesgfflSfcilttStCti. 3-ft«&* l 
5tt*>62 0flE8iS«:«lit4©*Ja*Ot»i3ti. rt«8 

[0 0 l 0 ] C©<fc-5K. g^M©fi8«^7 FTtt. M 
R^v F©»4^7 F£. H^a^ y F*©K»^7 F 
©. *h*n©«M*W**£88»W't>^JI<cS. *© 
TcWiK.®. F 7 7 f f 7 ^©iSmT 5 ^ X tm&lcis^X 

BOBir«t)3ha^7 F*7*» FaWlHa-C#tt< 

[0 0 l l ] f£*©C©«!a«'N7 F^ffll^cSS^f 5 ^ 
XJ'glgrt*. C©^7 V*7-kv ncm,xiXT<D& 

[0 0 l 2] ^l©S£*W£LT. #^¥3- l 60 6 
7 5 *t&$©. fig-rnffltg^^SCKHaT 5 4 X :7^g 

Koi>r0 1 o zgrnL-o-omyitz. 

[ 0 0 l 3 ] m l 0 {Cte^T. i*SWj)g3S«H2>-9-3 4 

xwm®k 3 5 ccftgtim*^*. . isa^ » f 3 0 

©{igfcfWfS. »tii^lE]Sg3 7«. Eft^9F3 
2 «t<i-st*{*i[£ LT!8m7 r ^ X ? 2 9 (CJR l «©•?- 
f««*»«iit?. ycec, K*W0^7 Fm^@K3 8« 

7 f 3 1 t-K^i o fc» i m-f-xtfmmnt: 
mm uxr *? ; xx-z-v--$ffl®®&3 5 ic&mm 
*#?tr«a^ 7 f 3 o©ttB*«»f5. c©m 1 ffl 
<D?-$tfmmmcjzi)ffl®$titc&.fflc*s\,>x. »t 

ii^|5]8S3 7B. B^> F3 2fcfflW*#*&L"Ctt» 
t 1 ^ X f 2 9 tc^2 ffl©-9--^t»*R*S# iMf. 

[0 0 14] C©ct^«c2ffl©-y-^'t»$B%i5am7 r -f X 
^2 9K»tiit?C<!:(Cj:0. f 5 -* F 5 7 :7©4M>£ 
# F 9 7 f ©* 4>£*-gC3 tf-f . BfSB»£Wf 
6-rc<t*St?*4„ C ©ttJU-Cia^ »F3 24f-$ 

F 7 7 ^©^Kfig^Jbfi £ . 7 F 3 1 «. 

•^-sKF7 7i'©tfi^{Cffig^Je>ShSC£«:)5cS. T 

» 1 ffl©-y-#tsia©»s ji^agecfigyi* 0 . e» 

^■v F3 2'C7 : -f ^2ffl©1f-?Ktt$BF7 7 5'±© 
t 1 -^ F7 7 ^±{c**iitr. cojr^tcL/rtttjii 
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tltc 2 m>V~ tftMRB. § F ^ v Z r. f F £ 

**©¥8#iaiK:li*vt:t>a. 

[0015] ^2<D^*P)iLr^gg^7 - 3 2 

6 0 3 2-^-&«<DI&M7 ; -fX*ggCC-X>T01 1 £# 

[o o 1 6 ] m 1 1 tcte^r. nmf : -<^i'6 4{cie^ 

Ztltc?- Z>mir-> K67i. ssm^-rx 
f 8 4Kf r -» *IB»TS»i&^» K6 8 4JWBI1L2 

*wrt+* y -^6 9«ciet3tirc>s4)©ira. 10 
* + y ? e 9 ^ F©&g^»«i< / p«ag^»$[jiai 

HISS 1 7KJ:9IW8P3*iS. **8-4©*rta 
© F 7 -y 5 6 5 fcJrO'ft^O© F v v ? 6 6 (Ctet,»T > 
#jA"v 7 F 6 8 *s«-n-en h 7 7 * 6 5 . 6 6 ©4M>CC 
{iSf & i SeK-n 7 F 6 7 ©tf'C'i. F v v 1 6 5 

StfF? 6©-eti-en©4>'C»<!:©-rn**Y i . 

YO£-f&., tt'J»y69i. l-7^65S 

j>*F7 7 t>Q 6©-en-eti©«84^^-rftg^0 i, 

0O£iTS„ *7 I- 5 ? *MB£0I8 l 4B, 

W@?S 1 7 frfcSWKSSK^ » F©ffl**>6±ffi© 20 



L2 = (YO-Y I ) / (tanflO-tanfl I ) 



COO 1 9] 5£ (2) 
[0020] 

Y=L2 • tanfl (2) 
[0 02 1 ] *•»>'; 9©fig©MtS[4L/ 

T©tan0B. iSfH* 5 nJt&-C*£, S£-o-Ctan0©flI£fB 

^■Cl|B©ttiEfi**mi/r^5. C©JtE»£»iESe 30 
£fEttLTfc£. MiiEfigffilllSS 1 6B. C©ffiiEfiY 

[0022] 

[is?B#»*fcL<t5&-fsissi m i ©ae*0J-ctt. f 
r*is«. n&^v F©«jgie©«6o*ccj:0ffi^© 

FS{ca&r>rc^*i t C©*{C^|t.-C*5fll 40 
(om^T-i x^gtcfci^TB. y F^-Ytt 
**^©tett©CF«»tf*C£*JrSfcl». S/e. 

»2©se*^"c« > *7*7 h^-jK/<*->-cfiai» 

Jf£©{ia©B6ot-*>. ^7 F*?*? Ffi©$J5EIS 
jRtc y A Xt £ mcj: o *jSfc-3i>-CBSS 1/ 

n»4l>. *fc. BBm7v;**©&l*Jg|£fi^©2-3 
©F5? f K-?C»r©*^7 Ftf^fe* FS"C*^fflPi 50 



»©fcA©liiE«Y*»EJB*HJiai& 1 6 CC J: «) F 5 v 

[0017] ±ie©$)#ccfc<,>T, GtS^»»lHl8S l 
7tt, * 7 F 5 i» *§ifJSlHSS 1 4*>iE>©Jg^{Cg-3t,> 
r. *ii^7 F68A^©F^7?±CCt7-fe7 F-v" 
-#/<>->**fiW*J:9KI|«WS. Ftf 
-jfO<*->4«. Sii^ » F 6 8tfiMtft»&tf F 5 

>©*'Wi. •eti-e^#ji'N7 f*6 8©tt>'iyc4>&. a 

ihtfttc?- Yv-yft LT$5©t\ 

2-5©*5t7 F-v u -^^->©|lfl©tf^«7 r -^ F 
^ 7 ^©*'C>r4>*)-S 0 7 F6 7*s. C©^7-fe 

ftl«Y I . YORO*ftK0 I . 0O£S'J;rfSC<!:# 
T^e. a'JSLfc-rnilY I . YORJ>*ftffi0I. 0 0 
CC J: 0 . a ( 1 ) -CKIR^ » F 6 7 s. F 6 8 i 

©fy]RiL2£@aif£o 

[0018] 

(1) 

WF^7i'^a©ffi«f r ^x^Sg(cte^'C«, ff^B$ 

tc f 5 nmmz. l. mm?-* ©gjias©fiT 
F«*fta9^*fjSJS*5$,s<i:cops4flrort,>s. 

[0023] ttS l Jffl''^->»tji*B#©(4g©>'<v'> 

**tt<rfci&«:. ^-^^-^©-siJ^ffior^^ 
^©sa«^7 f©. F5-f»fw>«aatt*ffi« 

mr- ; Sf©teiijiS^Ba(Cf*.SS2«f : ^X^ 
«g*ffl«T 5 C £ * a ft 1 1 £ . 
[0024] 

SB. «ftf t ^xj»tcf f -Jr*E» , rSE*^7 FteJ: 
ffl©8B«l^9 F4ffi^n>S. WBK^fiOWl^v F 

»)B«©F5 3^tta«»3ti4. &xk«mamt 
j; o Bufetta^*««a5©{4g^«*«)f'p ; &sijf)-r 

[002 5] 3 6K««^ y Y F lttJ#l5*5. 
fflE^M^ » F±©. S^^ 7 F tim^ v F £©fig 



7 

F©&g<ttB§§^7 F©ftg£©li©-N? 

AMRf-jf ceases *s«^tc. «b«ii^jF*7* 
[00263 commcj: or, s&sigai's » fob io 

UK ? F t »fo, fcteW SfiBSv^ ? 

f?£B#fc, #*ii£*ifcf s -* h ^ ^©^wes^ 
y FfAiMR^v F*iEW{C*>F5» *SiiSC£ 

[ 0 0 2 7 ] ifc. ftESBS'v » F*7* » httffl^a 

b. m» j ?-t*t>±tc*7-i:vbmmm<D-*-#'-i 20 

©&SKSg©**3K:«fcoT. SK»*ii**tffo«S 

» Fttt^rambd«<b^7 Faasm mia^;- f 

Mtt^KJ:Omtrtt0IW>$nA:IBM^9 Foffi 30 
SMfKilJESnfcMM^OU'SJl/OW^i swam 

wsatm «*©s*«#**»6<issaa^f f© 

tBS©^-^ i » y©S41I#©Kil'©¥^4i * 
jBSf * » 4>fc < £ 6 3 @tt±©Wttt© 

[0 028] C©^/S©6Sm^ 7 F*7* f hfWNS 
fete, ntstc^-^^xyytcteorff^ft^u^* 

C£#pJt8£&*. CtlCtJ:*), B^B*©?*-*^* 
S-tCfc&i/ h7^»ft©#6££jli^i*#.5c£#pjfi6 50 



#^32 0 0 0-3 2 2 84 8 
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[0 02 9] 

*Hi<c**«K:-3( ( >riai*»6ia9*#J8H/i5c*i6lliiB 

«*SSffl 1 > #26W©HSi^ 1 (DW&f < x i'Sgfco 
or. 0 1 *>608 *ffli>riiiW"rs. B l tt. #IMU 

©jowl i assail ^ x **6B©uuat^-r^o 
•jimnhh. anchor, ssaf 1 ^ x ^ i ©®±-c 

ffl^^SSm^- » F 2 *JS8m^ -7 F X 7 -f y 3 (C i ^rs 

*g«SP4 ©&g&©»f^{ig&©iNW5 ft J: 

»*jA*g|56 - 1 . t7t? hjttHMS6 - 2, 

* - * ii^^ffig^MtaSP 6 - 3*flttTi»S. 

SSa^^ F*7-fei» HH»JgB6©^*->»tii*B#fi 

a«^«a» 6 - 3 (c em-^ » f 2 ©w^aja^ $ tx 
««^>->»»a»»6- i©m?3«iim^? f 

2{cA^J$nS„ 88»^» K*^*» httflMK6©ttA 

tx. F*7-b? Fi^»7©H«jiSiaBa^9 

F@«MilB«ES|58©A*»tcS»3*irc>S. 
Fa«fig(i|iEg|58©ffl^Sa{4g^fe$IJW5©A 

[0 03 0] H2B. mi<D*y^y F Stt?fl'JSf5 6 - 2 
©l*93lfiS*5?T7'a »*it*4. FHM 

356-2 ©A^SJC^W^tl/c-f-^^x y i>S^6 

- 2 - 5 ©UW4iBS4fll^U^*iWg»6 - 2 - 1 © 

- 1 ©ffl*«BS$«#WbSP6 - 2 - 3©A73ffi5C 
fi»3tl-Ct>5. S4fi#Wffc»6 - 2 - 3©ffl^« 
ttW£ffl-9*rtfifl«tftffl»6 - 2 - 4©A*«{c«** 

3hn>*. s^«•^^Afil^4g^tagpe-2-4©^^i 

miim^-j F*7*» hEJMP7©AAMK<:asR3 
tirt»*. FtftftSe - 2 - 2©ffi^SBS^m# 
U^;bf - 2 - i ©fife©A^«cc«^3nri> 

[003 1 ] S4flr^p«&ffc»6 - 2 - 3 CCtet^r. S 
4IWWW8 - 2 - 3 ©A*«K«tW etifcSiJ^^ 
x 7 J?T^»6 - 2 - 3 - 1 <Dtt1MBmiE.WWM 6 

- 2 - 3 - 2 ©A*««ca»3 hrt» «. i'J««l^g|5 
6-2-3-2 ©H)^8», ^tti4£L^*g|56 - 2 - 
3-4©A*««:»«3nri>S. ?^litt^SL^*Si56 

- 2 - 3 - 4 ©U£tt«ai£{ftlI¥«HISe - 2 - 3 - 3 
OA*«t^» FftttVB - 2 - 2©A73«{CS^3 

awsfig^^sue - 2 - 3 - 3©tHa«*»£flM» 
SAfi&a^ffiSse - 2 - 4©A*»«:»*i3nri» 
s. s4ff^Affi{4g^taa56-2-4B, m&ft® 
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[0 0 3 2 ] H3B % fiSm^f F2©«St^X*nc 

^**B©¥insrc*tK $»«i«f^^ 

F*^#3©^KRW6*iri>S. SBta^^ 
F2CCte^T, S»^y YV&ZWm®&&gi^y F2 

- 1 itt^? Fr*s«a««a»«a^^ f (a 

T\ MR^?F4C»5) 2-2#»»5/-^F«2-3 
-2*^LTBfjaEli«»litiTRW6hr^4. ttA 

F2 4««^* FX5>f #3 4©lfflCt«\ OStf/- 10 
Jl> FS2 - 3 - 1 #W»6*vCt>4. MR-^ * F 2 - 
2, iiaiSS^y F2- 1. S/-Jl/F«2-3-lft#2 

- 3 - 2 tt*tieh7 ^ 5 * 2 - 4 ©ff8M*/M/*C. 
flBSl^y F^7-r^3(C^5tirCvSo BSm^y FX 

[0 0 3 3] H4a^H5Btta9W)««»4'C*S» 

Mi«f ^X^g©¥ffi[3~e#>£o 04(Cfc^T, 
lia^^ F^^>ry34«^4T-A3 A«#^^=J 20 
-f 2 4 A £WT S(4S^tS«a54 <£ o T , f 

h4- i©iaoK:H«i-r* 0 fx?^#3 

l©7*-*xyTArt©**fc:*£i 
3-ft***fcfc5J:5K:, $Mr^x^ 1 

1 0 O&a-nmOYvy ?V$>Z> 0 i5©(a) 
©ffi^HfcTjVr J: 5 fc, fiS^ 7K2^h7^100 

•fcortjsffl©^?* loo - nc&gfc&snsig 

r-A3A©WI2 3 AO^i h7 7 1 0 0 

- 1 ©*-C* 1 0 0 - 1 - CCDSH 1 0 0 - 1 - T©# 30 

ipj4©hik:, rtjah^ yt?a-ft2 oo - i#4ds. 

Sfc. (c) ©ffiAH^Tct^CC. fiBSv^-y F 

2#h9**l 0 0<fc9i*JffllI©F5y*l 00-2CC 

&a»ftstia»^.- x^^^r-A3A<D*^«i2 3 

AO^fnli h7-^l 0 0-2O'W«l 0 0-2-C 
©JSlRl 0 0-2- T©^r|fiji©lfflCC. j*m5?*3 
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* NOTICES * 

JPO and NCIPI are not responsible for anydamages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic head of the compound die which has the reproducing head which reproduces the 
recording head which records data on a magnetic disk, and the recorded data, The positioning device section 
which rotates the magnetic-head slider holding the magnetic head of said compound die, and said magnetic-head 
slider, and positions said magnetic head to the target truck of said magnetic disk, It is written in on said magnetic 
disk and based on the servo information reproduced by said magnetic head. The point-to-point control section 
which controls positioning actuation of said positioning device section by the position error signal showing the 
inequality of the location of said magnetic head to a target truck, The measurement pattern write-in means which 
writes in the servo pattern for acquiring the signal for offset measurement on a magnetic disk by said recording 
head, Said reproducing head, carrying out minute migration by the head positioning device section and the head 
point-to-point control section Measure the location where a regenerative-signal output serves as max, and are 
generated according to the physical relationship of said reproducing head and said recording head on said 
magnetic head. An amount measurement means of offset to measure the amount of magnetic head offsets of the 
difference of the location of said reproducing head which can set said magnetic disk radially, and the location of 
said recording head, With the magnitude of the position error at the time of the writing of said signal for the 
amount measurement of offset A magnetic head offset measurement means to have a position error management 
tool at the time of the pattern writing in which said servo pattern is made to write again, While memorizing said 
amount of magnetic head offsets measured with said magnetic head offset measurement means A magnetic head 
offset storage means to memorize the relation between the location of the truck which said magnetic head 
accessed, and said measured amount of magnetic head offsets, And when making said reproducing head follow 
the information data recorded on the target truck at the time of playback, The magnetic disk drive characterized by 
having a magnetic-head target-position correction means to output the amendment signal which corrects the 
positioning target position of the magnetic head to said positioning control section, based on said amount of 
magnetic head offsets read from said magnetic head offset storage means. 

[Claim 2] A head jogging means by which said amount measurement means of offset carries out very small 
distance migration of a regenerative-signal level measurement means and said magnetic head, A 
regenerative-signal equalization means to take the average of the level of two or more regenerative signals 
measured for every location of the magnetic head which moved with said head jogging means and was positioned, 
A regenerative-signal maximum location detection means to detect the location of the magnetic head where the 
greatest regenerative signal is acquired, And the magnetic disk drive according to claim 1 characterized by having 
a servo wedge selection means to choose two or more servo wedges with the small position error at the time of 
writing as a servo wedge which measures the level of said regenerative signal. 

[Claim 3] A measurement wedge average means to take the average of the level of the regenerative signal of two 
or more servo wedges as which said regenerative-signal equalization means was chosen with said servo wedge 
selection means, In count of a measured-value average means to ask for the average of the measured value of 
the level of at least 3 times or more of regenerative signals, a measuring-point average means to take the average 
of the measured value of the level of the regenerative signal in two or more adjoining measuring points, and said 
measured-value average means The magnetic disk drive according to claim 2 characterized by having a burst 
nature disturbance clearance means except the maximum and the minimum value of measured value of a 
regenerative signal. [ of level ] 

[Claim 4] The location of the magnetic head where, as for said regenerative-signal maximum location detection 
means, the measured value of the level of a regenerative signal turns into maximum, The location of the magnetic 
head which serves as a big value the 2nd, and the location of the magnetic head which serves as a big value the 
3rd, Or the magnetic disk drive according to claim 2 with which measured value of the level of a regenerative 
signal is characterized by having the improvement means in resolution of measurement which raises the detection 
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precision of the location of the magnetic head which takes maximum based on the location of the magnetic head 
which takes the maximum whose measured value of the level of a regenerative signal is two. 
[Claim 5] Said regenerative-signal maximum location detection means is a magnetic disk drive according to claim 
4 characterized by taking the average of the regenerative signal of three or more adjoining measuring points in 
order to prevent saturating regenerative-signal level by the measuring point on a magnetic disk. 
[Claim 6] Said magnetic-head target-position correction means is a magnetic disk drive according to claim 1 
characterized by positioning the reproducing head to the core of a target truck when writing in the servo pattern for 
acquiring the signal for the amount measurement of offset to a magnetic disk by the recording head. 
[Claim 7] Said amount measurement means of offset is a magnetic disk drive according to claim 1 or 2 
characterized by having the linear approximation means which removes the most inner zone and an outermost 
periphery zone from the count which asks for an average while having a zone average means to calculate in 
approximation the amount of magnetic head offsets to each zone divided by the magnitude of the radius of a 
magnetic disk. 

[Claim 8] A position error management tool is a magnetic disk drive according to claim 1 again characterized by 
making the servo pattern for acquiring the signal for the amount measurement of offset to a magnetic disk write in 
when the position error of the target truck at the time of servo pattern writing and the magnetic head is 8% or more 
of a track pitch at the time of said pattern writing. 

[Claim 9] The magnetic disk drive according to claim 1 characterized by having a retry detection means to detect 
the retry actuation which repeats write-in actuation or playback actuation of said servo pattern for every revolution 
of a magnetic disk, and an offset re-measurement means to make re-measurement perform in the magnetic head 
offset measurement section according to the occurrence frequency of retry actuation. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the magnetic disk drive which prepared a recording head 
and the reproducing head on the same magnetic-head slider about a magnetic disk drive. 
[Description of the Prior Art] 

[0002] In recent years, the magnetic disk drive of the high density which carries out record playback of mass 
image information, speech information, the text, etc. at high speed is needed with progress of multimedia. 
[0003] The magnetic head which used the MR head or GMR head adapting a magneto-resistive effect for the 
reproducing head in connection with the densification, and used the induction type head for the recording head is 
used for the magnetic disk drive. It is equipped with two kinds of above-mentioned heads on the same 
magnetic-head slider, and they constitute the magnetic head of a compound die. 
[0004] As a head positioning device of a magnetic disk drive, there is a demand of a miniaturization and 
improvement in the speed, and the actuator of the rotary mold which can make effect of inertia small is used with 
the present magnetic disk drive. 

[0005] In the magnetic disk drive which has the actuator of a rotary mold, the locus of the magnetic head when 
accessing the magnetic head on the truck of a magnetic disk becomes radii. Therefore, it crosses at an include 
angle which the center line of a magnetic-head slider and the tangent of a recording track are not parallel, but is 
different for every truck in a periphery, respectively from the inner circumference of a magnetic disk. This include 
angle is called yaw angle. When the servo track of a magnetic disk is made to carry out the on-truck (for a head to 
be positioned in the right location on a truck) of the reproducing head according to this yaw angle, in a recording 
head, an off-track (a head should not be positioned in the right location on a truck) arises, the location gap with the 
core of a recording head, and the core of the reproducing head - the gap between each magnetic hit alignment 
location of a recording head and the reproducing head is strictly called a "head offset." 
[0006] With a common magnetic disk drive, at the time of record, after detecting the servo signal currently 
recorded on the servo track by the MR head which is the reproducing head, moving the magnetic head to a target 
position and making a servo track carry out the on-truck of the MR head, data are written in a magnetic disk with 
the induction type head which is a recording head. An MR head will be located at the core of the data signal truck 
on the magnetic disk written in with the induction type head (data tracks), when making a servo track carry out the 
on-truck of the MR head and reproducing a data signal by the MR head, if there is a head offset. For this reason, a 
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data signal is unreproducible to accuracy. By the case, the retry actuation which is the repeat of playback actuation 
is needed, and it has an adverse effect on a continuation data transfer rate. 

[0007] Moreover, when a yaw angle is large, and the core of a servo track tends to be made to carry out the 
on-truck of the MR head and it is going to make the core of the data tracks which recorded with the induction type 
head and were recorded at the time of playback carry out the on-truck of the MR head, there is a possibility that a 
head offset may incorrect-detect a track number and a sector number. 

[0008] Furthermore, if a yaw angle becomes large, a head offset will also become large, the effective width of 
recording track at the time of playback will decrease, and the level of a regenerative signal will fall. Moreover, the 
yaw angle over the hand-of-cut tangent of the magnetic disk of the direction of a magnetic-head projection side 
occurs. For this reason, the relative velocity to the slider of the air laminar flow near [ which is produced in the 
tangential direction of that truck by revolution of a smooth magnetic disk ] a front face decreases. The lift of the 
magnetic-head slider which has surfaced decreases by this, and the height of floatation falls. 
[0009] In order to avoid many above-mentioned problems, a yaw angle is made desirable [ holding down from a 
maximum of 15 degrees to about 20 degrees ], and it is designed so that it may become almost equal on inner 
circumference and a periphery. 

[0010] Thus, in the magnetic head of a compound die, each machine hit alignment and the magnetic hit alignment 
of the reproducing head of an MR head and the recording head of an induction type head differ from each other. 
Therefore, especially in the magnetic disk drive of a narrow track pitch, it becomes impossible to disregard the 
head offset expressed with the distance between each magnetic hit alignment of an MR head and an induction 
type head, and becomes the big factor of degradation. 

[0011] in the magnetic disk drive using this conventional seed magnetic head, the cure as shown in the example 
since each ** of the following to this head offset is taken. 

[0012] It explains as 1st conventional example, referring to drawing 10 about the location gap compensation 
approach and magnetic disk drive of JP,3-160675,A. 

[0013] In drawing 10 , the external datum reference sensor 34 gives positional information to the actuator servo 
control circuit 35 which controls the revolution actuator 33, and controls the location of the magnetic head 30. The 
write-in circuit 37 supplies a signal to a recording head 32, and writes the servo information on the 1st set in a 
magnetic disk 29. Next, the reading head electronic circuitry 38 processes the servo information signal of the 1st 
set read by the reproducing head 31 , gives positional information to the actuator servo control circuit 35, and 
controls the location of the magnetic head 30. In the location controlled by this servo information signal of the 1st 
set, the write-in circuit 37 supplies a signal to a recording head 32, and writes the servo information on the 2nd set 
in a magnetic disk 29. 

[0014] Thus, by writing 2 sets of servo information in a magnetic disk 29, the core of data tracks and the core of a 
servo track are not made in agreement, but only predetermined distance can be shifted. When a recording head 
32 is positioned at the core of data tracks in this condition, the reproducing head 31 will be positioned at the core 
of a servo track. That is, in writing in data, the reproducing head 31 is positioned in the write-in location of the 
servo information on the 1st set, and it writes in data on the data tracks on the servo code track of the 2nd set by 
the recording head 32. Thus, 2 sets of written-in servo information is each truck, and it is separated from it of a 
distance equal to the location gap between the reproducing head and a recording head to radial [ of a magnetic 
disk]. 

[0015] Next, it explains, referring to drawing 1 1 about the magnetic disk drive of JP,7-326032,A as 2nd 
conventional example. 

[0016] In drawing 11 , the read head 67 which reproduces the data recorded on the magnetic disk 64, and the 
write head 68 which records data on a magnetic disk 64 shall separate spacing L2, and carriage 69 shall be 
equipped with it. Positioning actuation of the head of carriage 69 is controlled by the point-to-point control circuit 
1 7. In the truck 65 of the most inner circumference of a magnetic disk 64, and the truck 66 of the outermost 
periphery, when the write head 68 is located at the core of trucks 65 and 66, respectively, the amount of gaps of 
the core of a read head 67 and each core of a truck 65 and a truck 66 is set to Yl and YO. Moreover, the include 
angle which carriage 69 and each tangent of a truck 65 and a truck 66 make is set to thetal and thetaO. The 
amount measuring circuit 14 of off-tracks measures the above-mentioned amounts Yl and YO of gaps and 
include-angle thetal, and thetaO from the output of the read head received from the point-to-point control circuit 
17, and computes spacing L2. Based on this spacing L2, the amount Y of amendments for positioning of a head is 
computed for every truck by the amount calculation circuit 16 of amendments. 

[0017] In the above-mentioned configuration, based on the command from the amount measuring circuit 14 of 
off-tracks, the point-to-point control circuit 1 7 is controlled so that the write head 68 forms an offset servo pattern 
on a specific truck. An offset servo pattern is servo data for positioning with which the write head 68 shifted 1/2 
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track pitch at a time, and was written in the periphery and inner circumference side from the usually written-in 
truck, respectively. Therefore, the core of the two above-mentioned offset servo patterns is a core of the write 
head 68, respectively. Since the written-in data location is treated as a servo track, the core between two offset 
servo patterns is also a core of data tracks. A read head 67 can measure the amounts Yl and YO of gaps and 
include-angle thetal, and thetaO by positioning based on this offset servo pattern. The spacing L2 of a read head 
67 and the write head 68 is computed by the formula (1 ) by the measured amounts Yl and YO of gaps and 
include-angle thetal, and thetaO. 
[0018] 

L2=(YO-YI) / (tanthetaO-tanthetal) (1) 

[0019] The amount Y of head offsets is computable by the formula (2). 
[0020] 

Y=L2andtantheta (2) 

[0021] Here, tantheta as a function of the location of carriage 69 can be approximated. Therefore, it is not 
necessary to memorize the value of tantheta and the actual amount of amendments is computed using the value 
computed by the approximation. Memorizing this amount of amendments and correction formula, the amount 
calculation circuit 16 of amendments computes this amount Y of amendments, outputs it to the 
point-to-point-control circuit 17, controls positioning actuation of carriage 69, and is positioning the magnetic head. 
[0022] 

[Problem(s) to be Solved by the Invention] In the 1st conventional example, the amount of amendments is not 
computed for every truck. Moreover, although the amount of gaps of the machine hit alignment peculiar to the 
reproducing head and the magnetic hit alignment using a magnetic resistance element changes for each 
reproducing head of every with dispersion at the time of manufacture of the reproducing head, it has not taken the 
configuration which can respond to this point. Therefore, in the magnetic disk drive of a narrow track pitch (high 
track density), the performance degradation of magnetic disk drives, such as an increment in retry actuation and 
lowering of a continuation data transfer rate, is unavoidable. Moreover, in positioning by the offset servo pattern, in 
the 2nd conventional example, reference is not made about the point which the error by a noise etc. produces in 
dispersion in the location in the case of writing in an offset servo pattern, and the measurement result of the 
amount of head offsets. Moreover, if an error is included by either in order to measure the spacing L2 which is the 
amount of head offsets only about two trucks, the most inner circumference of a magnetic disk, and the outermost 
periphery, gross errors will arise in the measured amount of head offsets. For this reason, in the magnetic disk 
drive of high track density, retry actuation occurs at the time of playback, and it becomes the cause of lowering of 
a continuation data transfer rate. In order to reduce the count of generating of retry actuation and to make a 
continuation data transfer rate quick, it has the technical problem that it is highly precise and it necessary to 
measure the amount of offset. 

[0023] In order to abolish the variation in the location at the time of the pattern writing for measurement, there is 
also a method of performing offset measurement using some servo patterns. However, it has the problem that a 
servo is not applied at the time of measurement. This invention reduces the count of generating of retry actuation 
of the magnetic head of a compound die, and aims at offering the magnetic disk drive as for which a continuation 
data transfer rate is made to a high speed. 
[0024] 

[Means for Solving the Problem] The magnetic disk drive of this invention is equipped with the magnetic head of 
the compound die which has the reproducing head which reproduces the recording head which records data on a 
magnetic disk, and the recorded data. The magnetic head of said compound die is held at a magnetic-head slider, 
and is positioned by the positioning device section to a target truck. The point-to-point-control section is written in 
on said magnetic disk, and controls positioning actuation of said positioning device section by the position error 
signal showing the inequality of the location of a target truck and said magnetic head based on the servo 
information reproduced by said magnetic head. 

[0025] Furthermore, a magnetic head offset measurement means measures the amount of head offsets of the 
difference of the location of the reproducing head and the location of a recording head which are produced 
according to the physical relationship of the reproducing head and the recording head on said magnetic head and 
which can set said magnetic disk radially. Said measured amount of head offsets is recorded on the magnetic 
head offset storage means. The positioning target position of the delivery magnetic head is corrected to the 
point-to-point control section for the amendment signal generated by the magnetic-head target-position correction 
means based on the amount of head offsets which read it from said magnetic head offset storage means when 
making the reproducing head follow the information data recorded on the target truck at the time of playback. 
[0026] It becomes possible to measure the amount of magnetic head offsets in each truck of the recording head 
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and the reproducing head of the compound-die magnetic head to high degree of accuracy by this configuration, 
and it becomes possible to make the core of the data tracks written in at the time of playback carry out the 
on-truck of the MR head which is the reproducing head to accuracy. Thereby, it is realizable the magnetic disk 
drive [ it is possible to decrease generating of the retry actuation by the data playback error at the time of 
playback, and ] which can prevent lowering of a continuation data transfer rate. 

[0027] Moreover, said magnetic head offset measurement means has a position error management tool at the 
time of the pattern writing in which it makes write again with the magnitude of an amount measurement means of 
offset measure the location whose regenerative-signal output is max, and calculate the amount of offset, and the 
position error at the time of said signal writing for measurement, carrying out the minute migration of the magnetic 
head by the measurement pattern write-in means and the head positioning device section which write in the servo 
pattern of the signal for offset measurement by the recording head on a magnetic disk, and the head 
point-to-point-control section. A head jogging means by which said amount measurement means of offset carries 
out very small distance migration of a regenerative-signal output measurement means and the magnetic head, A 
regenerative-signal equalization means to take the average of the level of the regenerative signal measured for 
every location of the magnetic head which moved with said head jogging means and was positioned, It has a 
servo wedge selection means to choose the servo wedge of the magnetic disk which measures said 
regenerative-signal level according to a playback output maximum location detection means to detect the location 
of the magnetic head where the greatest regenerative signal is acquired, and the position error at the time of 
writing. Said regenerative-signal equalization means has the burst nature disturbance clearance means except 
maximum and the minimum value in count of a measured-value average means to ask for the average of a 
measurement wedge average means to take the average of the level of the regenerative signal of two or more 
servo wedges, and at least 3 times or more of measured value, a measuring-point average means to take the 
average of the measured value of two or more locations, and a measured-value average means. 
[0028] With the magnetic head offset measurement means of this configuration, amplification of the error by burst 
nature disturbance can be prevented. Furthermore, while carrying out very small distance migration with a head 
jogging means, two or more measured value which measured and measured regenerative-signal level in two or 
more servo wedges is equalized, and it becomes possible to measure the amount of magnetic head offsets in 
each truck to high degree of accuracy. Thereby, it is realizable the magnetic disk drive [ it is possible to decrease 
generating of the retry actuation by the data playback error at the time of playback, and ] which can prevent 
lowering of a continuation data transfer rate. 
[0029] 

[Embodiment of the Invention] It explains referring to drawing 9 from drawing 1 about the suitable example of the 
magnetic disk drive of this invention below. 

«example 1» The magnetic disk drive of the example 1 of this invention is explained using drawing 8 from 
drawing 1 . Drawing 1 is the block diagram showing the configuration of the magnetic disk drive in the example 1 
of this invention. In drawing 1 , the compound-die magnetic head 2 is supported by the magnetic-head slider 3 on 
the field of a magnetic disk 1. The magnetic-head slider 3 is attached in the positioning device section 4 through 
arm 3A. Positioning actuation of the positioning device section 4 is controlled by the point-to-point control section 
5. The magnetic head offset measurement section 6 is equipped with the position error Management Department 
6-3 at the time of the measurement pattern write-in section 6-1 , the amount measurement section 6-2 of offset, 
and pattern writing. The output of the magnetic head 2 is inputted into the position error Management Department 
6-3 at the time of the pattern writing of the magnetic head offset measurement section 6. The output of the 
measurement pattern write-in section 6-1 is inputted into the magnetic head 2. The outgoing end of the magnetic 
head offset measurement section 6 is connected to the input edge of the magnetic head offset storage section 7, 
and the outgoing end of the magnetic head offset Records Department 7 is connected to the input edge of the 
magnetic-head target-position correction section 8. The outgoing end of the magnetic-head target-position 
correction section 8 is connected to the input edge of the point-to-point control section 5. 
[0030] Drawing 2 is the block diagram showing the internal configuration of the amount measurement section 6-2 
of offset of drawing 1 . The outgoing end of the servo wedge selection section 6-2-5 prepared in the input edge of 
the amount measurement section 6-2 of offset is connected to the input edge of the regenerative-signal level test 
section 6-2-1 . The outgoing end of the regenerative-signal level test section 6-2-1 is connected to the input edge 
of the regenerative-signal equalization section 6-2-3. The outgoing end of the regenerative-signal equalization 
section 6-2-3 is connected to the input edge of the regenerative-signal maximum location detecting element 6-2-4. 
The outgoing end of the regenerative-signal maximum location detecting element 6-2-4 is connected to the input 
edge of the magnetic head offset Records Department 7. The outgoing end of the head jogging section 6-2-2 is 
connected to other input edges of the regenerative-signal level test section 6-2-1 . 
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[0031] In the regenerative-signal equalization section 6-2-3, the outgoing end of the measurement wedge average 
section 6-2-3-1 prepared in the input edge of the regenerative-signal equalization section 6-2-3 is connected to the 
input edge of the measured-value average section 6-2-3-2. The outgoing end of the measured-value average 
section 6-2-3-2 is connected to the input edge of the burst nature disturbance clearance section 6-2-3-4. The 
outgoing end of the burst nature disturbance clearance section 6-2-3-4 is connected to the input edge of the 
measuring-point average section 6-2-3-3, and the input edge of the head jogging section 6-2-2, and the outgoing 
end of the measuring-point average section 6-2-3-3 is connected to the input edge of the regenerative-signal 
maximum location detecting element 6-2-4. The regenerative-signal maximum location detecting element 6-2-4 
has the improvement section 6-2-4-1 in resolution of measurement. 

[0032] the top view of the field where drawing 3 counters the magnetic disk 1 of the magnetic head 2 - it is -- the 
magnetic disk drive of this example 1 - it is and the magnetic head 2 of the compound die which performs record 
playback is formed in the edge of the magnetic-head slider 3. In the magnetic head 2, through the 
magnetic-shielding plate 2-3-2, only predetermined distance separates and the induction type head 2-1 of the thin 
film which is a recording head, and the magneto-resistive effect mold head (henceforth an MR head) 2-2 which is 
the reproducing head are formed. Between the magnetic head 2 and the magnetic-head slider 3, the 
magnetic-shielding plate 2-3-1 is formed. MR head 2-2, the induction type head 2-1 , the shielding plate 2-3-1 , and 
2-3-2 are held through the protective layer of an alumina 2-4 at the magnetic-head slider 3, respectively. It 
attaches in the positioning device section 4 through arm 3A, and the magnetic-head slider 3 is ************. 
[0033] Drawing 4 and drawing 5 are the top views of the magnetic disk drive for explaining the yaw angle in the 
oscillating motor which is the positioning device section 4. In drawing 4 , arm 3A holding the magnetic-head slider 
3 rotates around the pivot 4-1 by the positioning device section 4 which has voice coil motor 4A. When there is a 
magnetic-head slider 3 in the center in the data area A of a magnetic disk 1 , the physical relationship of a 
magnetic disk 1 and the positioning device section 4 is set up so that a yaw angle may become zero. The truck 
100 in drawing is a truck of yaw angle zero. As shown in the enlarged drawing of (a) of drawing 5 , when the 
magnetic head 2 is positioned from a truck 100 on the truck 100-1 by the side of inner circumference, the inner 
circumference truck yaw angle 200-1 arises between the direction of center line 23A of arm 3A, and the direction 
of tangent 1 00-1 -T of center line 1 00-1 -C of a truck 1 00-1 . Moreover, as shown in the enlarged drawing of (c) of 
drawing 5 , when the magnetic head 2 is positioned on the truck 100-2 by the side of a periphery from a truck 100, 
the periphery truck yaw angle 200-2 arises between the direction of center line 23A of slider arm 3A, and the 
direction of tangent 100-2-T of center line 100-2-C of a truck 100-2. 

[0034] By these yaw angle 200-1 or 200-2, the off-track of the magnetic head 2 will occur at the time of record 
playback so that it may explain below. As shown in the enlarged drawing of (b) of drawing 5 , when the magnetic 
head 2 is positioned on a truck 100, tangent 100-T of center line 100-C and center line 23of slider arm 3A which is 
geometric center line of induction type head 2-1 and MR head 2-2 A are substantially parallel. Therefore, exact 
record playback is possible by detecting the servo pattern signal of the servo track explained to be also the time of 
playback by Ushiro by MR head 2-2, and making the core of a servo track carry out the on-truck of MR head 2-2 at 
the time of record. When each magnetic hit alignment of the induction type head 2-1 and MR head 2-2 is not in 
agreement with a geometric core, the amendment is needed separately. As shown in (a) of drawing 5 R> 5, since 
the yaw angle 200-1 arises, by truck 100-1 by the side of inner circumference, tangent 100-1-T of center line 
100-1-C of a truck 100-1 is not in agreement with center line 23A of the slider arm which is the geometric center 
line of the induction type head 2-1 and MR head 2-2 from a truck 100. Thus, the amount of gaps of the geometric 
center to center of MR head 2-2 and the induction type head 2-1 produced according to a yaw angle is defined as 
"the amount of offset." 

[0035] Actuation of record playback of the data to a magnetic disk is performed as shown below. The servo 
pattern signal of a servo track is detected by MR head 2-2. The time of record of data makes the core of a servo 
track carry out the on-truck of MR head 2-2, and records data with the induction type head 2-1. At the time of 
playback of data, it positions in consideration of the amount of offset at the core of data tracks that the induction 
type head 2-1 wrote in MR head 2-2. As other approaches, MR head 2-2 is positioned in the location which took 
the amount of offset into consideration, and MR head 2-2 is positioned at the core of data tracks at the time of 
playback of data so that the induction type head 2-1 may carry out the on-truck of the time of record of data to the 
core of data tracks. In a periphery side, since the yaw angle 200-2 arises as shown in (c) of drawing 5 , tangent 
100-2-T of center line 100-2-C of a truck 100-2 is not in agreement with center line 23A of the slider arm which is 
the geometric center line of the induction type head 2-1 and MR head 2-2. 

[0036] In this case, a servo pattern signal is detected by MR head 2-2. The time of record of data makes the core 
of a servo track carry out the on-truck of MR head 2-2, and records data with the induction type head 2-1 . At the 
time of playback of data, it positions in consideration of the amount of offset at the core of data tracks that the 
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induction type head 2-1 wrote in MR head 2-2. 

[0037] As other approaches, MR head 2-2 is positioned in the location which took the amount of offset into 
consideration, and MR head 2-2 is positioned at the core of data tracks at the time of playback of data so that the 
induction type head 2-1 may carry out the on-truck of the time of record of data to the core of a truck. Thus, in 
order to make the core of data tracks written in the inner circumference [ of a magnetic disk ], or periphery side 
with the induction type head 2-1 carry out the on-truck of MR head 2-2, it is necessary to position MR head 2-2 for 
the location where only the amount of offset inclined from the core of a servo track. That is, in order to perform 
head positioning in a high precision, it is necessary to measure the amount of offset in a high precision. 
[0038] In the magnetic disk drive of this example 1 , the amount of offset is measured in the following procedures, 
(a) of drawing 6 is the top view of a magnetic disk 1 . In drawing, the record section of a magnetic disk 1 is divided 
into a zone 16 from the concentric circular zone 0 toward an inner circumference side from a periphery side, and 
each zone consists of two or more trucks, respectively. Each truck has two or more positional information fields 
(henceforth a servo sector) 300 and data areas 200 which were divided on the periphery, (b) of drawing 6 shows 
four kinds of servo patterns 300A, 300B, 300C, and 300D written in the servo sector 300 of the truck of a magnetic 
disk 1 . Data are written in the data data area 200. In drawing, magnetic-head 2-A shows a condition in case the 
magnetic head 2 is positioned on the truck of the center section of the magnetic disk 1 , and detects servo pattern 
300A for measurement in this case. Magnetic-head 2-B shows a condition in case the magnetic head 2 is 
positioned on the truck by the side of the periphery of a magnetic disk 1 , and detects servo pattern 300B for 
measurement in this case. The arrow head R in drawing shows the direction of a revolution of a magnetic disk 1 . 
[0039] Hereafter, the measurement approach of the amount of offset is explained with reference to drawing 1 R> 
1 , drawing 2 , drawing 5 , and drawing 6 . The figure included in a parenthesis expresses the step of processing. 
Step (1 ): Make the truck of the arbitration near the center of the zone 0 ((a) of drawing 6 ) by the side of a 
periphery carry out the on-truck of MR head 2-2 which is the reproducing head, and write pattern 300B for the 
amount measurement of off-tracks shown at (b) of drawing 6 in all the servo sectors of the truck by the 
measurement pattern write-in section 6-1 of drawing 1 . 

[0040] Step (2): Memorize the position error in each servo sector at the time of the writing of pattern 300B by the 
position error Management Department 6-3 at the time of pattern writing. If the position error may have exceeded 
8% of the track pitch, pattern 300B for the amount measurement of off-tracks will be written in again. 
[0041] Step (3): If a position error is less than 8% of a track pitch, four servo sectors which were small as for the 
position error will be chosen by the servo wedge selection section 6-2-5 as a servo sector for the amount 
measurement of offset. However, the servo sector chosen due to the measurement processing time is made or 
less [ of the total number of servo sectors of one truck ] into 1/8. 

Step (4): Make it move to a periphery side half-track pitch P / 2, and position MR head 2-2. 

Step (5): Choose the regenerative-signal level of four sectors per revolution, and carry out the memory for 1 2 data 

of 1 2 sectors for three revolutions. 

[0042] Step (6): With the measurement wedge average section 6-2-3-1 , the measurement count average section 
6-2-3-2, and the burst nature disturbance clearance means 6-2-3-4, calculate the average of ten data except what 
has maximum among 12 data, and the thing which has the minimum value, and memorize the average to an 
internal memory. 

[0043] step (7): - the magnetic head -- the head jogging section 6-2-2 - a track pitch - it moves to an inner 
circumference side every [64/1/], and positions. The location moved, respectively is called measuring point. A 
step (5) and processing of (6) are repeated 64 times for every measuring point. Drawing 7 shows the 
regenerative-signal level LV in the same drawing, and expresses both relation as the location of MR head 2-2 
which traces a truck (n) after the geometric core has been in agreement with the center line 70. In drawing, the 
amount of offset shows the gap from the center line 70 of the induction type head 2-1 . * 
[0044] Step (8): The measuring-point average section 6-2-3-3 of drawing 2 averages a total of three 
regenerative-signal level [ seven ] of a measuring point a three-piece and inner circumference side the periphery 
side which adjoins for every measuring point. 

[0045] Step (9): The regenerative-signal maximum location detecting element 6-2-4 of drawing 2 detects the point 
of measurement K of the maximum location which is a location of the reproducing head 2-2 where the 
regenerative-signal level LV serves as max, as shown in drawing 7 . Drawing 8 is the enlarged drawing of the peak 
section of the regenerative-signal level LV of drawing 7 , and (a) of drawing 8 , (b), and (c) show three typical 
examples of the configuration of the peak section, respectively. When the number of the point of measurement K 
of a maximum location is one, the configuration of the peak section becomes as shown in (b) of drawing 8 , or (c). 
In this case, by the improvement section 6-2-4-1 in resolution of measurement, the location of maximum is derived 
from the data of the adjoining location of three pieces. Moreover, in a certain case, the point of measurement K of 
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a maximum location becomes as shown in (a) of drawing 8 , and, as for the configuration of the peak section, has 
two or more point of measurement K1 and K2 of two or more maximum locations. The location of maximum is 
derived based on such point of measurement K1 and K2. Spacing of two or more point of measurement K1 and 
K2 is equal to the amount of magnetic head offsets. [0046] Step (10): Perform processing from a step (1) to (9) by 
each zone 0 thru/or 1 6, and derive the amount of offset for every zone. Step (1 1 ): 1 4 zones 1 and 2 except the 
zones 16 and 0 of the most inner circumference among the amounts of offset for every zone, and the outermost 
periphery ... The relation of the track number and the amount of offset in each zone is computed, it outputs to the 
magnetic head offset storage section 7, and it is made to memorize from the amount of offset of 1 5. [0047] Step 
(12): When two or more disks are in a magnetic disk drive, perform this measurement about the magnetic head 
corresponding to each disk. By the above measurement, the amount of offset of the magnetic head 2 is 
memorized in the magnetic head offset storage section 7 for every truck. The positioning device 4 is operated by 
the point-to-point control section 5 by the amendment signal by which the magnetic-head target-position correction 
section 8 outputs only the distance equivalent to the amount of offset corresponding to the truck of the magnetic 
head 2 at the time of data playback. It becomes possible to carry out the off-track of MR head 2-2 from a servo 
track, and to make the core of data tracks carry out an on-truck by this. [0048] As mentioned above, according to 
the magnetic disk drive of this example 1 , it becomes possible by measuring the amount of offset of the magnetic 
head 2 to high degree of accuracy to make the core of the data tracks of all the zones of a magnetic disk 1 carry 
out the on-truck of MR head 2-2, and to reproduce data. [0049] «example 2» The magnetic disk drive in an 
example 2 is explained using drawing 9 . Drawing 9 is the block diagram showing the configuration of the 
magnetic disk drive in the example 2 of this invention. The same sign is given to the same element as an example 
1 , and the overlapping explanation is omitted. [0050] In the example 2, it has the retry detecting element 9-1 which 
waits for and redoes that in addition to the configuration of an example 1 a magnetic disk rotates record or 
playback actuation one time, and the same servo sector comes and which detects the existence of retry actuation, 
and the offset re-measurement section 9-2 in which re-measurement of the amount of offset of the magnetic head 
2 is made to perform according to the occurrence frequency of retry actuation. When the amount of position errors 
controlled by the point-to-point control section 5 is large and the frequency of generating of retry actuation 
becomes 5% or more of a count of record playback at the time of record playback, the command signal from the 
offset re-measurement section 9-2 is made to perform measurement actuation to the time amount which omits 
record playback again at the magnetic head offset measurement section 6. In this case, when the linear relation by 
approximation processing between each zone and the amount of offset is, the amount of offset to each zone may 
be changed based on that relation, without re-measuring for every zone. [0051] The value with the new amount of 
offset of the magnetic head for which it asked by the above re-measurement is memorized, and only the amount 
of offset of this memorized magnetic head 2 carries out the off-track of MR head 2-2 from a servo track at the time 
of data playback. Thereby, it becomes possible to make the core of data tracks carry out the on-truck of MR head 
2-2. As mentioned above, when a position error is large, or even when right playback is not completed under the 
effect of a noise etc., while becoming possible to measure the amount of offset of the magnetic head 2 with high 
degree of accuracy according to the magnetic disk drive of this example 2, highly precise head positioning is 
attained. [0052] In addition, in the magnetic disk drive of an example 2, although re-measurement of the amount of 
offset by the offset re-measurement section 9-2 is performed when the frequency of generating of retry actuation 
is 5% or more of a count of record playback, the same effectiveness is acquired also in the case of other rates. In 
addition, at the time of pattern writing although [ the magnetic disk drive of an example 1 and an example 2 / the 
re-writing of the pattern for measurement by the position error Management Department 6-3 ] it carries out when a 
position error is 8% or more of a track pitch, it is good also as other rates, such as 5% or more or 10 etc.% or 
more. Moreover, in the regenerative-signal maximum location detection in the amount measurement section 6-2 of 
offset, 1 / 2 truck migration of the magnetic head 2 are carried out to a periphery side, and it is measuring to the 
range for one truck to the inner circumference side (to the location of inner circumference side 1 / 2 truck). 
However, you may measure toward a periphery side from an inner circumference side. Moreover, the location in 
early stages of the magnetic head 2 may not be a location which carried out the off-track only of the 1/2 truck. 
Moreover, measuring range may not be a part for one truck. [0053] Furthermore, although the MR head is used as 
the reproducing head, the same effectiveness is acquired also by the magnetic head of the compound die which 
combined other reproducing heads, such as a GMR head. Moreover, four servo wedges per revolution of a 
magnetic disk are chosen as an object for measurement, and although the servo sector to choose is made or 
more [ of all the servo sectors of one truck ] into 1/8, the same effectiveness is acquired even if it chooses the 
different number. [0054] Moreover, in measurement of the offset measurement section 6-2, although 12 data for 
three revolutions are acquired, even if the total number of data is 1 2 or less pieces or the above, the same 
effectiveness is acquired with the different number of revolutions. Moreover, in a large value, although the burst 
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nature disturbance clearance section 6-2-3-4 has removed maximum and the minimum value, even if it removes 
two or more small values, two or more same effectiveness is acquired. [0055] Moreover, it is [ every / of track pitch 
1641 M] about very small migration of the magnetic head at the time of measurement of the offset measurement 
section 6-2. Although it is made to move, the same effectiveness is acquired even if it makes it move in pitches 
other than this. Moreover, in order to perform maximum location detection in the offset measurement section 6-2, 
it asked for the average of the regenerative signal of three or more adjoining locations, but the same effectiveness 
is acquired even if it uses statistics processing of spline interpolation etc. [0056] [Effect of the Invention] When 
making recording density high by narrow track-ization of a magnetic disk according to this invention so that clearly 
from the place explained to the detail in each above example, based on the amount of offset of the magnetic head 
measured in a high precision, the magnetic head can be positioned to accuracy. Consequently, the retry actuation 
by the data error increases at the time of playback, and a continuation data transfer rate does not fall at it. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the magnetic disk drive which prepared a recording head 
and the reproducing head on the same magnetic-head slider about a magnetic disk drive. 



PRIOR ART 

[Description of the Prior Art] 

[0002] In recent years, the magnetic disk drive of the high density which carries out record playback of mass 
image information, speech information, the text, etc. at high speed is needed with progress of multimedia. 
[0003] The magnetic head which used the MR head or GMR head adapting a magneto-resistive effect for the 
reproducing head in connection with the densification, and used the induction type head for the recording head is 
used for the magnetic disk drive. It is equipped with two kinds of above-mentioned heads on the same 
magnetic-head slider, and they constitute the magnetic head of a compound die. 
[0004] As a head positioning device of a magnetic disk drive, there is a demand of a miniaturization and 
improvement in the speed, and the actuator of the rotary mold which can make effect of inertia small is used with 
the present magnetic disk drive. 

[0005] In the magnetic disk drive which has the actuator of a rotary mold, the locus of the magnetic head when 
accessing the magnetic head on the truck of a magnetic disk becomes radii. Therefore, it crosses at an include 
angle which the center line of a magnetic-head slider and the tangent of a recording track are not parallel, but is 
different for every truck in a periphery, respectively from the inner circumference of a magnetic disk. This include 
angle is called yaw angle. When the servo track of a magnetic disk is made to carry out the on-truck (for a head to 
be positioned in the right location on a truck) of the reproducing head according to this yaw angle, in a recording 
head, an off-track (a head should not be positioned in the right location on a truck) arises, the location gap with the 
core of a recording head, and the core of the reproducing head - the gap between each magnetic hit alignment 
location of a recording head and the reproducing head is strictly called a "head offset." 
[0006] With a common magnetic disk drive, at the time of record, after detecting the servo signal currently 
recorded on the servo track by the MR head which is the reproducing head, moving the magnetic head to a target 
position and making a servo track carry out the on-truck of the MR head, data are written in a magnetic disk with 
the induction type head which is a recording head. An MR head will be located at the core of the data signal truck 
on the magnetic disk written in with the induction type head (data tracks), when making a servo track carry out the 
on-truck of the MR head and reproducing a data signal by the MR head, if there is a head offset. For this reason, a 
data signal is unreproducible to accuracy. By the case, the retry actuation which is the repeat of playback actuation 
is needed, and it has an adverse effect on a continuation data transfer rate. 

[0007] Moreover, when a yaw angle is large, and the core of a servo track tends to be made to carry out the 
on-truck of the MR head and it is going to make the core of the data tracks which recorded with the induction type 
head and were recorded at the time of playback carry out the on-truck of the MR head, there is a possibility that a 
head offset may incorrect-detect a track number and a sector number. 

[0008] Furthermore, if a yaw angle becomes large, a head offset will also become large, the effective width of 
recording track at the time of playback will decrease, and the level of a regenerative signal will fall. Moreover, the 
yaw angle over the hand-of-cut tangent of the magnetic disk of the direction of a magnetic-head projection side 
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occurs. For this reason, the relative velocity to the slider of the air laminar flow near [ which is produced in the 
tangential direction of that truck by revolution of a smooth magnetic disk ] a front face decreases. The lift of the 
magnetic-head slider which has surfaced decreases by this, and the height of floatation falls. 
[0009] In order to avoid many above-mentioned problems, a yaw angle is made desirable [ holding down from a 
maximum of 15 degrees to about 20 degrees ], and it is designed so that it may become almost equal on inner 
circumference and a periphery. 

[0010] Thus, in the magnetic head of a compound die, each machine hit alignment and the magnetic hit alignment 
of the reproducing head of an MR head and the recording head of an induction type head differ from each other. 
Therefore, especially in the magnetic disk drive of a narrow track pitch, it becomes impossible to disregard the 
head offset expressed with the distance between each magnetic hit alignment of an MR head and an induction 
type head, and becomes the big factor of degradation. 

[001 1] in the magnetic disk drive using this conventional seed magnetic head, the cure as shown in the example 
since each ** of the following to this head offset is taken. 

[0012] It explains as 1st conventional example, referring to drawing 10 about the location gap compensation 
approach and magnetic disk drive of JP,3-160675,A. 

[0013] In drawing 10 , the external datum reference sensor 34 gives positional information to the actuator servo 
control circuit 35 which controls the revolution actuator 33, and controls the location of the magnetic head 30. The 
write-in circuit 37 supplies a signal to a recording head 32, and writes the servo information on the 1st set in a 
magnetic disk 29. Next, the reading head electronic circuitry 38 processes the servo information signal of the 1st 
set read by the reproducing head 31 , gives positional information to the actuator servo control circuit 35, and 
controls the location of the magnetic head 30. In the location controlled by this servo information signal of the 1st 
set, the write-in circuit 37 supplies a signal to a recording head 32, and writes the servo information on the 2nd set 
in a magnetic disk 29. 

[0014] Thus, by writing 2 sets of servo information in a magnetic disk 29, the core of data tracks and the core of a 
servo track are not made in agreement, but only predetermined distance can be shifted. When a recording head 
32 is positioned at the core of data tracks in this condition, the reproducing head 31 will be positioned at the core 
of a servo track. That is, in writing in data, the reproducing head 31 is positioned in the write-in location of the 
servo information on the 1st set, and it writes in data on the data tracks on the servo code track of the 2nd set by 
the recording head 32. Thus, 2 sets of written-in servo information is each truck, and it is separated from it of a 
distance equal to the location gap between the reproducing head and a recording head to radial [ of a magnetic 
disk]. 

[001 5] Next, it explains, referring to drawing 1 1 about the magnetic disk drive of JP,7-326032,A as 2nd 
conventional example. 

[0016] In drawing 11 , the read head 67 which reproduces the data recorded on the magnetic disk 64, and the 
write head 68 which records data on a magnetic disk 64 shall separate spacing L2, and carriage 69 shall be 
equipped with it. Positioning actuation of the head of carriage 69 is controlled by the point-to-point control circuit 
1 7. In the truck 65 of the most inner circumference of a magnetic disk 64, and the truck 66 of the outermost 
periphery, when the write head 68 is located at the core of trucks 65 and 66, respectively, the amount of gaps of 
the core of a read head 67 and each core of a truck 65 and a truck 66 is set to Yl and YO. Moreover, the include 
angle which carriage 69 and each tangent of a truck 65 and a truck 66 make is set to thetal and thetaO. The 
amount measuring circuit 14 of off-tracks measures the above-mentioned amounts Yl and YO of gaps and 
include-angle thetal, and thetaO from the output of the read head received from the point-to-point control circuit 
17, and computes spacing L2. Based on this spacing L2, the amount Y of amendments for positioning of a head is 
computed for every truck by the amount calculation circuit 16 of amendments. 

[0017] In the above-mentioned configuration, based on the command from the amount measuring circuit 14 of 
off-tracks, the point-to-point control circuit 17 is controlled so that the write head 68 forms an offset servo pattern 
on a specific truck. An offset servo pattern is servo data for positioning with which the write head 68 shifted 1/2 
track pitch at a time, and was written in the periphery and inner circumference side from the usually written-in 
truck, respectively. Therefore, the core of the two above-mentioned offset servo patterns is a core of the write 
head 68, respectively. Since the written-in data location is treated as a servo track, the core between two offset 
servo patterns is also a core of data tracks. A read head 67 can measure the amounts Yl and YO of gaps and 
include-angle thetal, and thetaO by positioning based on this offset servo pattern. The spacing L2 of a read head 
67 and the write head 68 is computed by the formula (1 ) by the measured amounts Yl and YO of gaps and 
include-angle thetal, and thetaO. 
[0018] 

L2=(YO-YI) / (tanthetaO-tanthetal) (1 ) 
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[0019] The amount Y of head offsets is computable by the formula (2). 
[0020] 

Y=L2andtantheta (2) 

[0021] Here, tantheta as a function of the location of carriage 69 can be approximated. Therefore, it is not 
necessary to memorize the value of tantheta and the actual amount of amendments is computed using the value 
computed by the approximation. Memorizing this amount of amendments and correction formula, the amount 
calculation circuit 16 of amendments computes this amount Y of amendments, outputs it to the 
point-to-point-control circuit 17, controls positioning actuation of carriage 69, and is positioning the magnetic head. 



EFFECT OF THE INVENTION 

[Effect of the Invention] When making recording density high by narrow track-ization of a magnetic disk according 
to this invention so that clearly from the place explained to the detail in each above example, based on the amount 
of offset of the magnetic head measured in a high precision, the magnetic head can be positioned to accuracy. 
Consequently, the retry actuation by the data error increases at the time of playback, and a continuation data 
transfer rate does not fall at it. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] In the 1st conventional example, the amount of amendments is not 
computed for every truck. Moreover, although the amount of gaps of the machine hit alignment peculiar to the 
reproducing head and the magnetic hit alignment using a magnetic resistance element changes for each 
reproducing head of every with dispersion at the time of manufacture of the reproducing head, it has not taken the 
configuration which can respond to this point. Therefore, in the magnetic disk drive of a narrow track pitch (high 
track density), the performance degradation of magnetic disk drives, such as an increment in retry actuation and 
lowering of a continuation data transfer rate, is unavoidable. Moreover, in positioning by the offset servo pattern, in 
the 2nd conventional example, reference is not made about the point which the error by a noise etc. produces in 
dispersion in the location in the case of writing in an offset servo pattern, and the measurement result of the 
amount of head offsets. Moreover, if an error is included by either in order to measure the spacing L2 which is the 
amount of head offsets only about two trucks, the most inner circumference of a magnetic disk, and the outermost 
periphery, gross errors will arise in the measured amount of head offsets. For this reason, in the magnetic disk 
drive of high track density, retry actuation occurs at the time of playback, and it becomes the cause of lowering of 
a continuation data transfer rate. In order to reduce the count of generating of retry actuation and to make a 
continuation data transfer rate quick, it has the technical problem that it is highly precise and it necessary to 
measure the amount of offset. 

[0023] In order to abolish the variation in the location at the time of the pattern writing for measurement, there is 
also a method of performing offset measurement using some servo patterns. However, it has the problem that a 
servo is not applied at the time of measurement. This invention reduces the count of generating of retry actuation 
of the magnetic head of a compound die, and aims at offering the magnetic disk drive as for which a continuation 
data transfer rate is made to a high speed. 



MEANS 



[Means for Solving the Problem] The magnetic disk drive of this invention is equipped with the magnetic head of 
the compound die which has the reproducing head which reproduces the recording head which records data on a 
magnetic disk, and the recorded data. The magnetic head of said compound die is held at a magnetic-head slider, 
and is positioned by the positioning device section to a target truck. The point-to-point-control section is written in 
on said magnetic disk, and controls positioning actuation of said positioning device section by the position error 



Page 1 1 



JP-2000-322848.txt 

signal showing the inequality of the location of a target truck and said magnetic head based on the servo 
information reproduced by said magnetic head. 

[0025] Furthermore, a magnetic head offset measurement means measures the amount of head offsets of the 
difference of the location of the reproducing head and the location of a recording head which are produced 
according to the physical relationship of the reproducing head and the recording head on said magnetic head and 
which can set said magnetic disk radially. Said measured amount of head offsets is recorded on the magnetic 
head offset storage means. The positioning target position of the delivery magnetic head is corrected to the 
point-to-point control section for the amendment signal generated by the magnetic-head target-position correction 
means based on the amount of head offsets which read it from said magnetic head offset storage means when 
making the reproducing head follow the information data recorded on the target truck at the time of playback. 
[0026] It becomes possible to measure the amount of magnetic head offsets in each truck of the recording head 
and the reproducing head of the compound-die magnetic head to high degree of accuracy by this configuration, 
and it becomes possible to make the core of the data tracks written in at the time of playback carry out the 
on-truck of the MR head which is the reproducing head to accuracy. Thereby, it is realizable the magnetic disk 
drive [ it is possible to decrease generating of the retry actuation by the data playback error at the time of 
playback, and ] which can prevent lowering of a continuation data transfer rate. 

[0027] Moreover, said magnetic head offset measurement means has a position error management tool at the 
time of the pattern writing in which it makes write again with the magnitude of an amount measurement means of 
offset measure the location whose regenerative-signal output is max, and calculate the amount of offset, and the 
position error at the time of said signal writing for measurement, carrying out the minute migration of the magnetic 
head by the measurement pattern write-in means and the head positioning device section which write in the servo 
pattern of the signal for offset measurement by the recording head on a magnetic disk, and the head 
point-to-point-control section. A head jogging means by which said amount measurement means of offset carries 
out very small distance migration of a regenerative-signal output measurement means and the magnetic head, A 
regenerative-signal equalization means to take the average of the level of the regenerative signal measured for 
every location of the magnetic head which moved with said head jogging means and was positioned, It has a 
servo wedge selection means to choose the servo wedge of the magnetic disk which measures said 
regenerative-signal level according to a playback output maximum location detection means to detect the location 
of the magnetic head where the greatest regenerative signal is acquired, and the position error at the time of 
writing. Said regenerative-signal equalization means has the burst nature disturbance clearance means except 
maximum and the minimum value in count of a measured-value average means to ask for the average of a 
measurement wedge average means to take the average of the level of the regenerative signal of two or more 
servo wedges, and at least 3 times or more of measured value, a measuring-point average means to take the 
average of the measured value of two or more locations, and a measured-value average means. 
[0028] With the magnetic head offset measurement means of this configuration, amplification of the error by burst 
nature disturbance can be prevented. Furthermore, while carrying out very small distance migration with a head 
jogging means, two or more measured value which measured and measured regenerative-signal level in two or 
more servo wedges is equalized, and it becomes possible to measure the amount of magnetic head offsets in 
each truck to high degree of accuracy. Thereby, it is realizable the magnetic disk drive [ it is possible to decrease 
generating of the retry actuation by the data playback error at the time of playback, and ] which can prevent 
lowering of a continuation data transfer rate. 
[0029] 

[Embodiment of the Invention] It explains referring to drawing 9 from drawing 1 about the suitable example of the 
magnetic disk drive of this invention below. 

«example 1» The magnetic disk drive of the example 1 of this invention is explained using drawing 8 from 
drawing 1 . Drawing 1 is the block diagram showing the configuration of the magnetic disk drive in the example 1 
of this invention. In drawing 1 , the compound-die magnetic head 2 is supported by the magnetic-head slider 3 on 
the field of a magnetic disk 1 . The magnetic-head slider 3 is attached in the positioning device section 4 through 
arm 3A. Positioning actuation of the positioning device section 4 is controlled by the point-to-point control section 
5. The magnetic head offset measurement section 6 is equipped with the position error Management Department 
6-3 at the time of the measurement pattern write-in section 6-1 , the amount measurement section 6-2 of offset, 
and pattern writing. The output of the magnetic head 2 is inputted into the position error Management Department 
6-3 at the time of the pattern writing of the magnetic head offset measurement section 6. The output of the 
measurement pattern write-in section 6-1 is inputted into the magnetic head 2. The outgoing end of the magnetic 
head offset measurement section 6 is connected to the input edge of the magnetic head offset storage section 7, 
and the outgoing end of the magnetic head offset Records Department 7 is connected to the input edge of the 
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magnetic-head target-position correction section 8. The outgoing end of the magnetic-head target-position 
correction section 8 is connected to the input edge of the point-to-point control section 5. 
[0030] Drawing 2 is the block diagram showing the internal configuration of the amount measurement section 6-2 
of offset of drawing 1 . The outgoing end of the servo wedge selection section 6-2-5 prepared in the input edge of 
the amount measurement section 6-2 of offset is connected to the input edge of the regenerative-signal level test 
section 6-2-1 . The outgoing end of the regenerative-signal level test section 6-2-1 is connected to the input edge 
of the regenerative-signal equalization section 6-2-3. The outgoing end of the regenerative-signal equalization 
section 6-2-3 is connected to the input edge of the regenerative-signal maximum location detecting element 6-2-4. 
The outgoing end of the regenerative-signal maximum location detecting element 6-2-4 is connected to the input 
edge of the magnetic head offset Records Department 7. The outgoing end of the head jogging section 6-2-2 is 
connected to other input edges of the regenerative-signal level test section 6-2-1 . 

[0031] In the regenerative-signal equalization section 6-2-3, the outgoing end of the measurement wedge average 
section 6-2-3-1 prepared in the input edge of the regenerative-signal equalization section 6-2-3 is connected to the 
input edge of the measured-value average section 6-2-3-2. The outgoing end of the measured-value average 
section 6-2-3-2 is connected to the input edge of the burst nature disturbance clearance section 6-2-3-4. The 
outgoing end of the burst nature disturbance clearance section 6-2-3-4 is connected to the input edge of the 
measuring-point average section 6-2-3-3, and the input edge of the head jogging section 6-2-2, and the outgoing 
end of the measuring-point average section 6-2-3-3 is connected to the input edge of the regenerative-signal 
maximum location detecting element 6-2-4. The regenerative-signal maximum location detecting element 6-2-4 
has the improvement section 6-2-4-1 in resolution of measurement. 

[0032] the top view of the field where drawing 3 counters the magnetic disk 1 of the magnetic head 2 - it is - the 
magnetic disk drive of this example 1 - it is and the magnetic head 2 of the compound die which performs record 
playback is formed in the edge of the magnetic-head slider 3. In the magnetic head 2, through the 
magnetic-shielding plate 2-3-2, only predetermined distance separates and the induction type head 2-1 of the thin 
film which is a recording head, and the magneto-resistive effect mold head (henceforth an MR head) 2-2 which is 
the reproducing head are formed. Between the magnetic head 2 and the magnetic-head slider 3, the 
magnetic-shielding plate 2-3-1 is formed. MR head 2-2, the induction type head 2-1, the shielding plate 2-3-1, and 
2-3-2 are held through the protective layer of an alumina 2-4 at the magnetic-head slider 3, respectively. It 
attaches in the positioning device section 4 through arm 3A, and the magnetic-head slider 3 is ************, 
[0033] Drawing 4 and drawing 5 are the top views of the magnetic disk drive for explaining the yaw angle in the 
oscillating motor which is the positioning device section 4. In drawing 4 , arm 3A holding the magnetic-head slider 
3 rotates around the pivot 4-1 by the positioning device section 4 which has voice coil motor 4A. When there is a 
magnetic-head slider 3 in the center in the data area A of a magnetic disk 1 , the physical relationship of a 
magnetic disk 1 and the positioning device section 4 is set up so that a yaw angle may become zero. The truck 
100 in drawing is a truck of yaw angle zero. As shown in the enlarged drawing of (a) of drawing 5 , when the 
magnetic head 2 is positioned from a truck 100 on the truck 100-1 by the side of inner circumference, the inner 
circumference truck yaw angle 200-1 arises between the direction of center line 23A of arm 3A, and the direction 
of tangent 100-1-T of center line 100-1-C of a truck 100-1 . Moreover, as shown in the enlarged drawing of (c) of 
drawing 5 , when the magnetic head 2 is positioned on the truck 100-2 by the side of a periphery from a truck 100, 
the periphery truck yaw angle 200-2 arises between the direction of center line 23A of slider arm 3A, and the 
direction of tangent 100-2-T of center line 100-2-C of a truck 100-2. 

[0034] By these yaw angle 200-1 or 200-2, the off-track of the magnetic head 2 will occur at the time of record 
playback so that it may explain below. As shown in the enlarged drawing of (b) of drawing 5 , when the magnetic 
head 2 is positioned on a truck 100, tangent 100-T of center line 100-C and center line 23of slider arm 3A which is 
geometric center line of induction type head 2-1 and MR head 2-2 A are substantially parallel. Therefore, exact 
record playback is possible by detecting the servo pattern signal of the servo track explained to be also the time of 
playback by Ushiro by MR head 2-2, and making the core of a servo track carry out the on-truck of MR head 2-2 at 
the time of record. When each magnetic hit alignment of the induction type head 2-1 and MR head 2-2 is not in 
agreement with a geometric core, the amendment is needed separately. As shown in (a) of drawing 5 R> 5, since 
the yaw angle 200-1 arises, by truck 100-1 by the side of inner circumference, tangent 100-1-T of center line 
100-1-C of a truck 100-1 is not in agreement with center line 23A of the slider arm which is the geometric center 
line of the induction type head 2-1 and MR head 2-2 from a truck 100. Thus, the amount of gaps of the geometric 
center to center of MR head 2-2 and the induction type head 2-1 produced according to a yaw angle is defined as 
"the amount of offset." 

[0035] Actuation of record playback of the data to a magnetic disk is performed as shown below. The servo 
pattern signal of a servo track is detected by MR head 2-2. The time of record of data makes the core of a servo 
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track carry out the on-truck of MR head 2-2, and records data with the induction type head 2-1 . At the time of 
playback of data, it positions in consideration of the amount of offset at the core of data tracks that the induction 
type head 2-1 wrote in MR head 2-2. As other approaches, MR head 2-2 is positioned in the location which took 
the amount of offset into consideration, and MR head 2-2 is positioned at the core of data tracks at the time of 
playback of data so that the induction type head 2-1 may carry out the on-truck of the time of record of data to the 
core of data tracks. In a periphery side, since the yaw angle 200-2 arises as shown in (c) of drawing 5 , tangent 
100-2-T of center line 100-2-C of a truck 100-2 is not in agreement with center line 23A of the slider arm which is 
the geometric center line of the induction type head 2-1 and MR head 2-2. 

[0036] In this case, a servo pattern signal is detected by MR head 2-2. The time of record of data makes the core 
of a servo track carry out the on-truck of MR head 2-2, and records data with the induction type head 2-1 . At the 
time of playback of data, it positions in consideration of the amount of offset at the core of data tracks that the 
induction type head 2-1 wrote in MR head 2-2. 

[0037] As other approaches, MR head 2-2 is positioned in the location which took the amount of offset into 
consideration, and MR head 2-2 is positioned at the core of data tracks at the time of playback of data so that the 
induction type head 2-1 may carry out the on-truck of the time of record of data to the core of a truck. Thus, in 
order to make the core of data tracks written in the inner circumference [ of a magnetic disk ], or periphery side 
with the induction type head 2-1 carry out the on-truck of MR head 2-2, it is necessary to position MR head 2-2 for 
the location where only the amount of offset inclined from the core of a servo track. That is, in order to perform 
head positioning in a high precision, it is necessary to measure the amount of offset in a high precision. 
[0038] In the magnetic disk drive of this example 1 , the amount of offset is measured in the following procedures, 
(a) of drawing 6 is the top view of a magnetic disk 1 . In drawing, the record section of a magnetic disk 1 is divided 
into a zone 16 from the concentric circular zone 0 toward an inner circumference side from a periphery side, and 
each zone consists of two or more trucks, respectively. Each truck has two or more positional information fields 
(henceforth a servo sector) 300 and data areas 200 which were divided on the periphery, (b) of drawing 6 shows 
four kinds of servo patterns 300A, 300B, 300C, and 300D written in the servo sector 300 of the truck of a magnetic 
disk 1 . Data are written in the data data area 200. In drawing, magnetic-head 2-A shows a condition in case the 
magnetic head 2 is positioned on the truck of the center section of the magnetic disk 1 , and detects servo pattern 
300A for measurement in this case. Magnetic-head 2-B shows a condition in case the magnetic head 2 is 
positioned on the truck by the side of the periphery of a magnetic disk 1 , and detects servo pattern 300B for 
measurement in this case. The arrow head R in drawing shows the direction of a revolution of a magnetic disk 1 . 
[0039] Hereafter, the measurement approach of the amount of offset is explained with reference to drawing 1 R> 
1 , drawing 2 , drawing 5 , and drawing 6 . The figure included in a parenthesis expresses the step of processing. 
Step (1 ): Make the truck of the arbitration near the center of the zone 0 ((a) of drawing 6 ) by the side of a 
periphery carry out the on-truck of MR head 2-2 which is the reproducing head, and write pattern 300B for the 
amount measurement of off-tracks shown at (b) of drawing 6 in all the servo sectors of the truck by the 
measurement pattern write-in section 6-1 of drawing 1 . 

[0040] Step (2): Memorize the position error in each servo sector at the time of the writing of pattern 300B by the 
position error Management Department 6-3 at the time of pattern writing. If the position error may have exceeded 
8% of the track pitch, pattern 300B for the amount measurement of off-tracks will be written in again. 
[0041] Step (3): If a position error is less than 8% of a track pitch, four servo sectors which were small as for the 
position error will be chosen by the servo wedge selection section 6-2-5 as a servo sector for the amount 
measurement of offset. However, the servo sector chosen due to the measurement processing time is made or 
less [ of the total number of servo sectors of one truck ] into 1/8. 

Step (4): Make it move to a periphery side half-track pitch P / 2, and position MR head 2-2. 

Step (5): Choose the regenerative-signal level of four sectors per revolution, and carry out the memory for 12 data 

of 12 sectors for three revolutions. 

[0042] Step (6): With the measurement wedge average section 6-2-3-1 , the measurement count average section 
6-2-3-2, and the burst nature disturbance clearance means 6-2-3-4, calculate the average of ten data except what 
has maximum among 12 data, and the thing which has the minimum value, and memorize the average to an 
internal memory. 

[0043] step (7): - the magnetic head - the head jogging section 6-2-2 - a track pitch - it moves to an inner 
circumference side every [64/1/], and positions. The location moved, respectively is called measuring point. A 
step (5) and processing of (6) are repeated 64 times for every measuring point. Drawing 7 shows the 
regenerative-signal level LV in the same drawing, and expresses both relation as the location of MR head 2-2 
which traces a truck (n) after the geometric core has been in agreement with the center line 70. In drawing, the 
amount of offset shows the gap from the center line 70 of the induction type head 2-1 . 
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[0044] Step (8): The measuring-point average section 6-2-3-3 of drawing 2 averages a total of three 
regenerative-signal level [ seven ] of a measuring point a three-piece and inner circumference side the periphery 
side which adjoins for every measuring point. 

[0045] Step (9): The regenerative-signal maximum location detecting element 6-2-4 of drawing 2 detects the point 
of measurement K of the maximum location which is a location of the reproducing head 2-2 where the 
regenerative-signal level LV serves as max, as shown in drawing 7 . Drawing 8 is the enlarged drawing of the peak 
section of the regenerative-signal level LV of drawing 7 , and (a) of drawing 8 , (b), and (c) show three typical 
examples of the configuration of the peak section, respectively. When the number of the point of measurement K 
of a maximum location is one, the configuration of the peak section becomes as shown in (b) of drawing 8 , or (c). 
In this case, by the improvement section 6-2-4-1 in resolution of measurement, the location of maximum is derived 
from the data of the adjoining location of three pieces. Moreover, in a certain case, the point of measurement K of 
a maximum location becomes as shown in (a) of drawing 8 , and, as for the configuration of the peak section, has 
two or more point of measurement K1 and K2 of two or more maximum locations. The location of maximum is 
derived based on such point of measurement K1 and K2. Spacing of two or more point of measurement K1 and 
K2 is equal to the amount of magnetic head offsets. [0046] Step (10): Perform processing from a step (1 ) to (9) by 
each zone 0 thru/or 16, and derive the amount of offset for every zone. Step (1 1 ): 14 zones 1 and 2 except the 
zones 16 and 0 of the most inner circumference among the amounts of offset for every zone, and the outermost 
periphery ... The relation of the track number and the amount of offset in each zone is computed, it outputs to the 
magnetic head offset storage section 7, and it is made to memorize from the amount of offset of 15. [0047] Step 
(12): When two or more disks are in a magnetic disk drive, perform this measurement about the magnetic head 
corresponding to each disk. By the above measurement, the amount of offset of the magnetic head 2 is 
memorized in the magnetic head offset storage section 7 for every truck. The positioning device 4 is operated by 
the point-to-point control section 5 by the amendment signal by which the magnetic-head target-position correction 
section 8 outputs only the distance equivalent to the amount of offset corresponding to the truck of the magnetic 
head 2 at the time of data playback. It becomes possible to carry out the off-track of MR head 2-2 from a servo 
track, and to make the core of data tracks carry out an on-truck by this. [0048] As mentioned above, according to 
the magnetic disk drive of this example 1 , it becomes possible by measuring the amount of offset of the magnetic 
head 2 to high degree of accuracy to make the core of the data tracks of all the zones of a magnetic disk 1 carry 
out the on-truck of MR head 2-2, and to reproduce data. [0049] «example 2» The magnetic disk drive in an 
example 2 is explained using drawing 9 . Drawing 9 is the block diagram showing the configuration of the 
magnetic disk drive in the example 2 of this invention. The same sign is given to the same element as an example 
1 , and the overlapping explanation is omitted. [0050] In the example 2, it has the retry detecting element 9-1 which 
waits for and redoes that in addition to the configuration of an example 1 a magnetic disk rotates record or 
playback actuation one time, and the same servo sector comes and which detects the existence of retry actuation, 
and the offset re-measurement section 9-2 in which re-measurement of the amount of offset of the magnetic head 
2 is made to perform according to the occurrence frequency of retry actuation. When the amount of position errors 
controlled by the point-to-point control section 5 is large and the frequency of generating of retry actuation 
becomes 5% or more of a count of record playback at the time of record playback, the command signal from the 
offset re-measurement section 9-2 is made to perform measurement actuation to the time amount which omits 
record playback again at the magnetic head offset measurement section 6. In this case, when the linear relation by 
approximation processing between each zone and the amount of offset is, the amount of offset to each zone may 
be changed based on that relation, without re-measuring for every zone. [0051] The value with the new amount of 
offset of the magnetic head for which it asked by the above re-measurement is memorized, and only the amount 
of offset of this memorized magnetic head 2 carries out the off-track of MR head 2-2 from a servo track at the time 
of data playback. Thereby, it becomes possible to make the core of data tracks carry out the on-truck of MR head 
2-2. As mentioned above, when a position error is large, or even when right playback is not completed under the 
effect of a noise etc., while becoming possible to measure the amount of offset of the magnetic head 2 with high 
degree of accuracy according to the magnetic disk drive of this example 2, highly precise head positioning is 
attained. [0052] In addition, in the magnetic disk drive of an example 2, although re-measurement of the amount of 
offset by the offset re-measurement section 9-2 is performed when the frequency of generating of retry actuation 
is 5% or more of a count of record playback, the same effectiveness is acquired also in the case of other rates. In 
addition, at the time of pattern writing although [ the magnetic disk drive of an example 1 and an example 2 / the 
re-writing of the pattern for measurement by the position error Management Department 6-3 ] it carries out when a 
position error is 8% or more of a track pitch, it is good also as other rates, such as 5% or more or 10 etc.% or 
more. Moreover, in the regenerative-signal maximum location detection in the amount measurement section 6-2 of 
offset, 1 / 2 truck migration of the magnetic head 2 are carried out to a periphery side, and it is measuring to the 

Page 15 



JP-2000-322848.txt 

range for one truck to the inner circumference side (to the location of inner circumference side 1 / 2 truck). 
However, you may measure toward a periphery side from an inner circumference side. Moreover, the location in 
early stages of the magnetic head 2 may not be a location which carried out the off-track only of the 1/2 truck. 
Moreover, measuring range may not be a part for one truck. [0053] Furthermore, although the MR head is used as 
the reproducing head, the same effectiveness is acquired also by the magnetic head of the compound die which 
combined other reproducing heads, such as a GMR head. Moreover, four servo wedges per revolution of a 
magnetic disk are chosen as an object for measurement, and although the servo sector to choose is made or 
more [ of all the servo sectors of one truck ] into 1/8, the same effectiveness is acquired even if it chooses the 
different number. [0054] Moreover, in measurement of the offset measurement section 6-2, although 12 data for 
three revolutions are acquired, even if the total number of data is 1 2 or less pieces or the above, the same 
effectiveness is acquired with the different number of revolutions. Moreover, in a large value, although the burst 
nature disturbance clearance section 6-2-3-4 has removed maximum and the minimum value, even if it removes 
two or more small values, two or more same effectiveness is acquired. [0055] Moreover, it is [ every / of track pitch 
/ 64 / 1/] about very small migration of the magnetic head at the time of measurement of the offset measurement 
section 6-2. Although it is made to move, the same effectiveness is acquired even if it makes it move in pitches 
other than this. Moreover, in order to perform maximum location detection in the offset measurement section 6-2, 
it asked for the average of the regenerative signal of three or more adjoining locations, but the same effectiveness 
is acquired even if it uses statistics processing of spline interpolation etc. [0056] 
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[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the magnetic disk drive in the example 1 of this invention. 

[Drawing 2] The block diagram of the amount measurement section of offset in the example 1 of this invention. 

[Drawing 3] The top view of the magnetic head in an example 1 . 

[Drawing 4] The top view for the explanation about the yaw angle of the magnetic disk drive in the example 1 of 
this invention. 

[Drawing 5] The amplification top view for the explanation about the yaw angle of the magnetic disk drive in the 
example 1 of this invention. 

[Drawing 6] For (a), the top view showing the record section of the magnetic disk in the example 1 of this invention 
and (b) are the servo pattern of the magnetic disk of (a). 

[Drawing 7] The top view of the magnetic disk for explanation of offset measurement of the magnetic disk drive in 
the example 1 of this invention. 

[Drawing 8] (a) It is the graph of the output level for maximum location detection of a magnetic disk drive [ in / 
there is nothing and / in (c) / the example 1 of this invention ]. 

[Drawing 9] The block diagram of the magnetic disk drive in the example 2 of this invention. 
[Drawing 10] The block diagram of the magnetic disk drive of the 1 st conventional example. 
[Drawing 11] The block diagram of the magnetic disk drive of the 2nd conventional example. 
[Description of Notations] 

1 Magnetic Disk 

2 Compound-Die Magnetic Head 

3 Magnetic-Head Slider 
3A Arm 

4 Positioning Device Section 
4A Voice coil motor 

4-1 Pivot 

5 Point-to-point Control Section 

6 Magnetic Head Offset Measurement Section 
6-1 Measurement Pattern Write-in Section 

6-2 The Amount Measurement Section of Offset 
6-2-1 Regenerative-Signal Level Test Section 
6-2-2 Head Jogging Section 
6-2-3 Regenerative-Signal Equalization Section 
6-2-3-1 Measurement Wedge Average Section 
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6-2-3-2 Measured-Value Average Section 

6-2-3-3 Measuring-Point Average Section 

6-2-3-4 Burst Nature Disturbance Clearance Section 

6-2-4 Regenerative-Signal Maximum Location Detecting Element 

6-2-4-1 Improvement Section in Resolution of Measurement 

6-2-5 Servo Wedge Selection Section 

6-3 He is Position Error Management Department at the Time of Pattern Writing. 

7 Magnetic Head Offset Storage Section 

8 Magnetic-Head Target-Position Correction Section 
9-1 Retry Detecting Element 

9-2 Offset Re-Measurement Section 

23A Geometric center line 

100 Truck 

100-1 Truck 

100-2 Truck 

200 Data Area 

200-1 Yaw Angle 

200-2 Yaw Angle 

300 Positional Information Field 
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